To evaluate randomly the effect of thyrostatic treatment (tiamazole) versus selective (metoprolol) and nonselective ␤-blockade (propranolol) on whole-body energy metabolism in women with hyperthyroidism.
Objective
To evaluate randomly the effect of thyrostatic treatment (tiamazole) versus selective (metoprolol) and nonselective ␤-blockade (propranolol) on whole-body energy metabolism in women with hyperthyroidism.
Summary Background Data
␤-blockade is used as an alternative to thyrostatic drugs in the preoperative treatment of patients with hyperthyroidism. ␤-blockers have well-established symptomatic effects, but in contrast to antithyroid drugs ␤-blockade is thought to lack direct effects on the increased metabolism in hyperthyroidism.
Methods
Whole-body oxygen consumption and carbon dioxide production was measured in a semiopen canopy system with paramagnetic O2 and infrared CO2 sensors. A constant flow generator and the gas-dilution method for calculation of gas flow were used. Anabolic parameters were body weight, triceps skinfold, and arm muscle circumference.
Results
Tiamazole normalized oxygen consumption and induced signs of anabolism with improved nutritional state. Metroprolol did not affect oxygen consumption. Propranolol reduced elevated oxygen consumption by 54%. Body weight and other anthropometric assessments were stable after specific and nonspecific ␤-blockade, which also led to symptomatic relief in approximately 90% of the patients.
Conclusion
Tiamazole was the most effective drug to oppose the adverse effects of hyperthyroidism. Therefore, thyrostatic agents are recommended for preoperative treatments of patients with severe catabolic hyperthyroidism. Whenever ␤-blockers are chosen for treatment of hyperthyroidism, propranolol (␤1 ϩ ␤2) has an advantage because it reduces the metabolic rate, whereas selective ␤1-blockade seemed to provide only symptomatic relief, related to the normalization of heart rate.
Symptomatic effects of ␤-adrenoceptor blocking agents are well documented in patients with hyperthyroidism, [1] [2] [3] [4] although the mechanism by which ␤-blockers exert their effects is not fully understood. 5, 6 In contrast to antithyroid drugs, ␤-blockers do not reduce the thyroid hormone secretion, but nonselective ␤-blockers can decrease the peripheral conversion of free thyroxin (T4) to active triiodothyronine (T3). Previous studies have suggested that the beneficial effects of adrenoceptor blockade in hyperthyroidism are mainly due to the blockade of ␤1-receptors, 7-9 but nonselective ␤-blockers are often used for treatment of hyperthyroidism. However, oxygen consumption has been measured in only few hypermetabolic patients receiving ␤-blockers in previous studies. Small to moderate decreases in oxygen consumption were found in some patients, 10, 11 but this phenomenon was not verified in other investigations. [12] [13] [14] The aim of the present study was therefore to compare the effects of ␤-blockers and an antithyroid drug on whole-body oxygen consumption and carbon dioxide production. Anthropometric assessments were performed to assess possible long-term effects of anabolism after the various treatments. The nonselective ␤-blocker propranolol, the selective ␤1-blocker metoprolol, and the antithyroid drug tiamazole were used for a random evaluation in women with hyperthyroidism.
PATIENTS AND METHODS

Patients
Surgery is a recommended treatment in young patients with hyperthyroidism in Sweden and several European countries. A prerequisite for safe surgical treatment is medical preparation with either antithyroid drugs or ␤-adrenoceptor blockade. Therefore, women with diffuse toxic goiter were informed about three treatment alternatives: radioiodine, long-term medication with an antithyroid drug, or surgery after preoperative preparation with either ␤-blockade or antithyroid treatment. Those who preferred to undergo surgery were asked whether they agreed to be randomized to one of three alternatives of preoperative treatment. After full information was provided, 28 patients in a cohort of 90 women with hyperthyroidism agreed to undergo this randomized treatment. Their ages ranged from 19 to 45 years. All had symptoms and biochemical values typical of hyperthyroidism. None had been treated with antithyroid drugs before the study. Seven patients had been treated with ␤-blockade for a few weeks before referral. Medication use was stopped in the latter patients for 2 weeks before they were included in the study. Six euthyroid women, age 28 to 65 years, with benign thyroid adenomas agreed to participate in the study as reference patients. They took no medications. The study was approved by the Ethical Committee of Sahlgrenska University Hospital, Göteborg, Sweden. All patients gave informed consent.
Methods
Before randomization, new measurements of serum concentrations of free thyroxin (T4) and triiodothyronine (T3) were obtained. The next morning, after an overnight fast and refraining from smoking, measurements of metabolic and nutrition parameters were made by a trained research nurse who did not know the results of the blood tests. She allocated the patients to one of three treatment groups by a closed-envelope method of randomization. The next day, the patients started to take their preoperative medication. For determination of whole-body metabolism, patients were placed in a calm, silent room in the supine position. Breathing frequency, resting heart rate, oxygen consumption, and carbon dioxide production were measured after a half-hour rest. Indirect calorimetry was performed by a Deltatrac metabolic monitor (Datex, Helsinki, Finland), which is a semiopen canopy system with paramagnetic O2 and infrared CO2 sensors. A constant flow generator and the gasdilution technique were used to calculate gas flow through the system. All patients lay in the canopy for at least 10 minutes before each measurement was made (duration 30 minutes). 15, 16 Whole-body oxygen uptake and carbon dioxide production are presented as mL/min or as mL/min/kg body weight, because normalization to body surface area did not change the results in any direction. Nutritional state was assessed by body weight, triceps skinfold, and arm muscle circumference. All anthropometric measurements were performed in duplicate by the same nurse. The triceps skinfold reflects body fat deposits and was measured at the middle of the relaxed left triceps muscle with the arm in stretched position using a precision metal caliper. Arm muscle circumference was measured at the middle of the left relaxed triceps muscle. 16
Preoperative Medical Treatment
Ten patients were randomized to treatment with the antithyroid drug tiamazole. Four other patients with inadequate symptomatic improvement after treatment with ␤-blockers were transferred to the group with tiamazole, but they remained in the original randomization group for evaluation. Tiamazole was given in a dosage of 20 mg twice daily for 4 weeks. The dose was then halved and 0.1 mg thyroxine was added as a daily dose.
Ten patients were randomized to treatment with four daily oral doses of 50 mg of the selective ␤1-blocker metoprolol. The dose was doubled if resting heart rates exceeded 75 beats per minute after 1 week of treatment. Two patients still had an elevated heart rate after 10 days of taking 100 mg/day, and their treatment was withdrawn for 10 days. They underwent another measurement of nutrition and metabolic status and were then transferred to the group receiving tiamazole treatment.
Eight patients were randomized to treatment with the nonselective ␤-blocker propranolol, which was given at a dosage of 40 mg four times daily. The dose was doubled if resting heart rates exceeded 75 beats per minute after 1 week. Two patients had an elevated heart rate after the 10 additional days of taking 320 mg/day. Their treatment was therefore withdrawn for 10 days, and they underwent another measurement of nutrition and metabolic status and were then transferred for tiamazole treatment.
Patients randomized to ␤-blockers took their oral morning dose the day of surgery, and if needed they received intravenous injections of ␤-blockers during surgery. The dose of ␤-blockers was tapered during 10 days after surgery.
Six euthyroid patients served as controls. They were scheduled for surgery because of benign cold thyroid adenomas and received no medical treatment. They were tested 
Statistics
Results are presented as mean Ϯ SD. All groups were compared using a before-and-after three-group design with the repeated-measures analysis of variance. Statistics are presented as "between groups," "before and after treatment," and "interaction between groups and treatment." All results were evaluated according to intent to treat. The Fisher protected least significant difference (PLSD) test was used post hoc. Within-group differences over time (before vs. after treatment) were tested by a paired t test. P Ͻ .05 was regarded as statistically significant; P Ͻ .10 was regarded as showing a trend toward statistical significance.
Results
Mean age did not differ among the three groups ( Table 1 ). The duration of medical treatment was longer for patients treated with tiamazole than for those treated with metoprolol (P Ͻ .01). Before treatment, no differences were found among the groups in serum concentrations of T3 and free T4. Plasma T3 and free T4 reached normal values only in the tiamazole group (P Ͻ .05). Patients in all three groups had significantly elevated resting heart rates before treatment compared with euthyroid patients (P Ͻ .05). The resting heart rate in the patients with hyperthyroidism fell from 98 Ϯ 14 to 74 Ϯ 10 (P Ͻ .0001) after treatment, with no differences among the groups. The mean breathing frequency per minute in patients receiving tiamazole, metoprolol, and propranolol was 20, 18, and 20, respectively, before treatment. Tiamazole and propranolol decreased breathing frequency (P Ͻ .0001); it was unchanged during metoprolol treatment. None of the patients experienced any adverse effect of the medication, and subsequent surgeries were performed without complications.
Mean body weight increased significantly in patients receiving tiamazole only. The anthropometric parameters improved in these patients also (Table 2) . Whole-body oxygen consumption was significantly elevated in all three groups of patients compared with the euthyroid patients (P Ͻ .0001; Table 3 ). Tiamazole and propranolol treatment reduced whole-body oxygen consumption significantly, whereas metoprolol had no such effect. Similar results were obtained when whole-body respiratory gas exchanges were normalized to body weight or to body surface area. Whole-body oxygen consumption in the tiamazole group reached euthyroid levels, because it did not differ from the metabolic rate in the reference patients, whereas propranolol did not normalize the metabolic rate entirely.
Whole-body carbon dioxide production decreased significantly in all treatment groups. Respiratory quotients were similar in all groups before and after treatment, suggesting that net substrate oxidations were similar before and after all medical treatments. 16 
DISCUSSION
In this study we evaluated the effect of ␤-blockade and a classic antithyroid drug, tiamazole, on whole-body metabolism and nutritional state in a small group of unselected women with hyperthyroidism. Possible conclusions may be limited because the number of patients was comparatively small. However, several study variables were significantly improved when interaction between groups and treatment were evaluated. The significant group-by-treatment interaction indicated that not all drugs were equally effective in decreasing the metabolic and nutritional parameters. Additional pairwise comparisons indicated that tiamazole was the most effective of the three.
Four patients treated with ␤-blockade had an inadequate clinical response and were switched to treatment with the antithyroid drug tiamazole as a medical precaution. These patients might represent a more severe disease state, although their serum concentrations of thyroid hormones were similar to those of the other patients. Tiamazole use normalized whole-body oxygen consumption effectively in these patients also. Therefore, ␤-blockade failed to control hypermetabolism in 4 of 28 (15%) patients with hyperthyroidism. However, all patients had a normal resting heart rate at the end of the study treatment. Normalized serum concentrations of thyroid hormones and confirmed anabolism, as shown by a significant gain in body weight, triceps skinfold, and arm muscle circumference, were observed only in the tiamazole group. Accordingly, whole-body oxygen consumption was also normalized after treatment with the antithyroid drug only, evaluated statistically according to the intent to treat. However, the nonselective ␤-blocker propranolol also reduced elevated oxygen consumption and carbon dioxide production, whereas treatment with the selective ␤-blocker metoprolol did not affect oxygen consumption at all.
In the 1960s and 1970s, several studies were published about oxygen consumption after treatment with propranolol. Two showed decreased oxygen consumption by 9% to 12%, 10, 11 whereas three others reported no change. [12] [13] [14] Selective ␤-blockade by atenolol caused an 11% decrease in oxygen consumption in one investigation, 11 whereas the combination of ␤and ␣-blockade reduced oxygen consumption by 12%. 17 Most of these earlier investigations involved patients with the Graves variety of hyperthyroidism; one study also included patients with toxic nodular goiter. 11 In previous studies, whole-body oxygen consumption was presented in mL/min, mL/min/kg body weight or mL/min/m 2 body surface, making direct comparisons among various studies difficult. Changes in oxygen consumption in previous studies were usually reported as a percentage of whole-body oxygen consumption. In contrast, we present our results on an individual basis in absolute values.
In the recent literature on treatment of hyperthyroidism with ␤-blockers, only symptomatic effects have been discussed, with nothing about the effects on whole-body oxygen consumption. 6, 18 Symptomatic benefits were thought to be due to ␤1-blockade; this assumption is confirmed by our results because ␤1-blockade did not affect the metabolic rate but reduced the heart rate significantly. However, the addition of ␤2-blockade decreased the metabolic rate significantly, which indicates that this effect may be peripheral but is not necessarily substrate-derived, given that respiratory quotient measurements were unchanged in our patients.
Our results demonstrate that only the antithyroid drug tiamazole could normalize whole-body oxygen consumption completely and induce anabolism effectively. These findings confirm that thyrostatic drugs should be preferred for preoperative treatment in catabolic patients with severe hyperthyroidism, although ␤-blockers may have a more rapid effect for symptomatic relief of hyperthyroidism. Traditionally, both nonselective and selective ␤1-blockers have been used in large groups of patients for preoperative preparation. 1, 18 These drugs have also been used for symptomatic relief in patients with hyperthyroidism during the latency period before antithyroid drugs or radioiodine treatments can control hyperthyroid manifestations. However, whenever ␤-blockers are chosen for treatment of hyperthyroidism, propranolol (␤1 ϩ ␤2) should be the preferred choice because it has a more direct effect on the hypermetabolism itself than does ␤1-blockade.
